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@ Thermostatic valves. 

@ A thermostatic mixing valve is described having separate 
valves for trot and cold water each with a stepping motor to 
adjust their positrons and connected to a microprocessor using 
a temperature sensor In a tnixing chamber to read the mixed 
temperature and step the motors Individually to adjust the valve 
positions as required. 
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THERMOSTATIC VALVES 



This invention relates to thermostatically con- 
trolled mixing valves for water supply. 

The object of the invention is to provide an 5 
electronically controlled mixing. valve which can be 
controlled by microprocessor circuitry so as to 
operate to preset, but adjustable, standards as to 
temperature and possibly also volume. 

According to the invention a thermostatically 10 
controlled valve comprises a pair of stepping motors 
each connected to a corresponding proportioning 
valve for controlling the rate of flow of hot and cold 
water respectively, and arranged to sense the 
temperature of the mixed flows. 75 

One embodiment of the present invention is now 
more particularly described with reference to the 
accompanying drawings wherein :- 

Figure 1 is a part sectional elevation of a 
mixing valve ; and 20 

Figures 2-5 are larger scale sectional elev- 
ations showing a valve mechanism in different 
positions. 

Turning now to Figure 1, the mixing valve shown 
has two separate chambers 10,12, each connected 25 
to a corresponding inlet 14 and to a manifold 16 of 
which the stem forms a mixing chamber 18 opening 
to a mixing water outlet 20. The manifold is generally 
Tee shaped in elevation as seen in the drawing, and 
the head of the Tee may be shaped to encourage 30 
vortex flow e.g. by each limb of the head of the Tee 
opening generally tangentially of the outlet 20 as 
seen in plan view. Each chamber houses a control 
valve. As the two chambers and control valves are 
identical, only one will be further described. 35 

The chamber has a frusto-conical passage 22 
narrowing towards the outlet 72, Figure 4. Closure 
plug 24 (Figures 2-5) is to close the outlet and has an 
O ring seal 26 for this purpose. The arrangement and 
shape is such that the plug can be moved from the 40 
closed position to the fully open position through a 
range of intermediate positions which allow pro- 
gressively greater flow rates. This is due to the 
relationship and spacing between the rim 80 at the 
lower end of the plug and the relatively shallow angle 45 
frusto-conical portion 82 of the chamber immedi- 
ately adjacent the outlet 72. As the plug is moved 
away from the outlet, the cross sectional area 
available for flow increases progressively. 

The plug is carried by a stem 28 fast with a nut 30 50 
which is non-rotatable in a two-part housing 32, as 
by making the nut hexagonal and the housing of like 
shape in its interior. The nut 30 is engaged with a 
screw 34 which is held axially captive by a clutch 36, 
The screw has a non-circular bore 38 which is 55 
angularly fast with and in sliding engagement with 
the complementary drive shaft (not shown) of a 
stepping motor 40, Figure 1. 

The screw and nut may have any suitable 
screwthr ads, f r example multistart threads of 60 
appropriate profile, so that a rotation of the drive 
shaft in one or other direction causes the nut to rise 
or fall relative to the screw, when the screw is axially 



fixed. 

The clutch 36, which is for axially fixing the screw, 
comprises a hub 50 with a peripheral groove to 
engage clutch balls 52 which can move radially from 
the engaged position of Figure 2, to the disengaged 
position of Figure 3 under the control of a cam face 
on the interior of clutch ring 54 when the ring is 
moved axially between the positions seen in 
Figures 2 and 3. The ring has a radial flange 56 for 
actuation by fork 58, Figure 1, carried by solenoid pin 
60 arranged so that energisation of the solenoid 62 
lifts the ring against the conical spring 57, to the 
Figure 2 position and engages the clutch, i.e. forces 
the balls radially inwards to engage in the groove and 
lock the screw 34 in position axially whilst leaving it 
free to rotate. 

The clutch ring 54 is guided for axial movement by 
collar 64 sliding on the housing 32. 

The plug 24 and its stem 28 with the nut 30 are all 
urged by hydraulic force and by spring 66 which in 
this instance is a helical compression spring trapped 
between the plug and a collar 68 which also serves 
to locate a seal 70. 

Certain parts of the cycle of operations can now 
be described. Assuming that water and power are 
connected to the valve and the valve Is in the closed 
normal condition a demand for water leads to the 
solenoid being energised to the Figure 2 condition 
and to the stepping motor 40 being pulsed. Each 
pulse may turn the drive shaft through a small 
increment of the order of one or two degrees, 
turning the screw likewise, and moving the nut, stem 
and plug axially so as to open the valve. The flow rate 
depends upon the axial position as explained. A train 
of pulses can result in relatively rapid movement to 
the fully open position of Figure 4, and vice versa. 
The valve is to be (or may be) continually adjusted, 
as necessary, in conjunction with similar but not 
necessarily like or simultaneous adjustment of the 
second valve so as to produce the required 
temperature in the mixed flow at usually the 
maximum possible rate. That is to say, for any 
required temperature setting, either one or other of 
the flow rates will be maximum. 

If the temperature of one or other supply varies, 
adjustment of the valves position compensates for 
this. If either supply fails, the valve would ordinarily 
shut down as it becomes impossible to maintain the 
preset temperature. However, a very rapid in fact 
almost instantaneous shut down is provided by the 
solenoid clutch. De-energisation either as a result of 
power failure or a signal from the electronic control 
results in pin 60 falling, taking with it fork 58 so as to 
allow the clutch ring 56 to follow under load from the 
spring 57. This moves from the Figure 2 position to 
the Figure 3 position: if the valve was open, then 
spring 66 displaces the screw and nut in whatever 
adjusted position they w re in, to the Figure 5 
position. This is much mor rapid than could 
possibly be achieved by any rotation of the drive 
shaft because it is accomplished by the spring 
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driven and hydraullcally assisted sliding movement 
~df the whole screw and nut relativ to the drive shaft.- - 
Such de-energisation from any cause also termi- 
nates the train of pulses to the drive motor. 
Howev r ( the length of th drive shaft (not shown) is 5 
such that it remains in driving engag ment with the 
screw even in the Figure 5 position. 

If the de-energisation is caused by a power failure, 
then, upon re-energisation, the circuitry causes a 
train of pulses to the drive motor sufficient to rotate 10 
the shaft and return the screw from the Figure 5 
position to the Figure 3 position before the solenoid 
is re-energised to move the clutch to the Figure £ 
position. However, if the shut-down is not due to 
power failure, the screw may be returned upon the 15 
de-energisation. 

The flows through the two chamber outlets 72 
meet in the manifold and flow through common 
outlet 20. It has been found that little mixing may take 
place in the mixing chamber unless some turbulence SO 
is created, and for this purpose temperature sensor 
74 is provided with a knurled or otherwise rough- 
ened end 76. This knurling also provides increased 
surface are a for heat transfer. 

Signals derived from the sensor 74 are used, via 25 
appropriate circuitry to cause pulses to be sent to 
one or other or both motors for stepping in one or 
other directions to cause flow rate adjustments so 
as to proportion the respective flows and achieve 
the required temperature output. 30 

The circuitry, includes a microprocessor with 
analogue/digital converters for reading analogue 
signals from the sensed temperature which may be 
via a silicon sensor, and possibly also from the 
separate temperatures of the hot and coid water 35 
supplies, and also to monitor motor current wave 
forms. Separate sensing is useful in enabling the 
vaive to'* be inoperable if one or other or both 
temperatures are outside a range which can be 
mixed to give the required temperature in the valve. 40 
Preferably also the microprocessor has an associ- 
ated and none-volative memory which can effectively 
be preset with the required temperatures and flows 
for example to give a hot bath or a warm shower or 
the like. The microprocessor may have an associ- 45 
ated key pad with dedicated controls so that a user 
may simply select a hot bath and the appropriate 
memory segment will be connected, temperatures 
read, and assuming the input temperatures are 
within the acceptable parameters, the mixing valve 50 
will then be adjusted to deliver water at the preset 
temperature. In a simplest form of the invention, the 
keypad will be operated again when the bath has 
been filled to a level approved by the user, but in 
more sophisticated versions of the invention, the 55 
volume delivered may be read and compared with a 
programme memory so that the valve is automati- 
cally shut off when that volume has been delivered. 



Claims 



prises a pair of stepping motors each con- 
— nected to a corresponding proportioning valve — 
for controlling the rate of ffow of hot and cold 
water respectively, and meariS arranged to 
sense the temperature of f he mixed flows. 

2. A thermostatically controlled valve system 
comprising a valve body having separate flow 
passages for hot and cold water and a mixing 
chamber, a separate proportioning valve iri 
each flow passage for controlling the flow rate 
between zero and A maximum, means located 
to sense the temperature of the mixed flows, a 
separate stepping motor connected to each 
proportioning valve, arid circuitry Including a 
microprocessor for comparing the sensed 
temperature signal with a preset value and for 
pulsing one or other Br both stepping motors to 
adjust the respective flow rates and adjust the' 
mixed temperature. 

3. A valve as claimed in Claim 1 or Claim 2 
wherein each propbKionirig valve comprises a 
plug which is axial ly movable in a* frusto-conical 
passage and an O ring Is provided as a seal. 

4. A valve els claimed in any of Claims 1 to 3 
wherein the proportioning valve is connected to 
a screw and nut mechanism in which the screw 
is normally axialiy captive and angularly free, 
and the nut vice versa. 

5. A valve as claimed in any of Claims 1 to 4 
wherein the two supplies flow into a tee shaped 
manifold which forms a mixing chamber and the 
temperature serfsor is arranged in a part of the 
Tee shaped to encourage vortex f fpw. 

6. A valve as claimed in Claim 5 wherein the 
sensor has a knurled or roughened exterior to 
create turbulence in the mixed flow and In- 
creased surface area for heat transfer. 

7. A thermostatically controlled mixing valve 
substantially as described with reference to the 
accompanying drawings. 



1. A thermostatically controlled valve com- 65 
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